Abstract
INTRODUCTION
Colonoscopy allows direct visualization of the mucosa of the lower gastrointestinal tract and it is a useful tool to investigate symptoms of lower bowel diseases. However, there are conditions in which symptomatic patients might have a normal colon appearance on colonoscopy, although their intestinal mucosa shows signs of microscopic inflammation at histological examination [1] . In the last years, the introduction of advanced imaging techniques has ameliorated the characterization of mucosal lesions and has permitted to detect minimal mucosal changes that might be missed with standard white-light (WL) colonoscopy [2] . Among such techniques, narrow band imaging (NBI) uses optical filters in front of the light source, to narrow the wavelength of the projected light, to enable visualization of micro-vessel morphological changes and to enhance the visibility of both neoplastic and inflammatory mucosal lesions [3, 4] . In our daily practice, we have noted that some patients undergoing colonoscopy showed multiple slightly raised whitish areas, usually < 5 mm in diameter, closely spaced, difficult to see at WL endoscopy and easier to recognize with NBI. When biopsied, these areas always corresponded to clusters of ≤ 10 lymphoid nodules, composed of hyperplastic benign lymphoid tissue, named "nodular lymphoid hyperplasia" (NLH) [5] [6] [7] [8] [9] . Sometimes NLH had a reddish outline, the socalled "red ring sign" (RRS), due to hypervascularization at the base of the follicles, associated with granulocyte infiltrate [6] .
Little is known about the epidemiology, pathogenesis, and clinical implications of NLH. NLH is commonly seen in the terminal ileum and colon during paediatric endoscopies, and it has been classically considered a paraphysiologic phenomenon in children [10] . However, there have been reports of NLH in children associated with refractory constipation, viral infection, juvenile idiopathic arthritis, connective tissue disease, immunodeficiency, cow's milk protein hypersensitivity, familial mediterranean fever, and the so-called "autistic enterocolitis" [9, [11] [12] [13] [14] [15] [16] [17] [18] . In adults, NLH can be asymptomatic, or more rarely presents with gastrointestinal symptoms, like abdominal pain, chronic diarrhoea, and bleeding [18] . NLH can mimic familial polyposis [19, 20] and it has been reported in association with inflammatory bowel disease (IBD), celiac disease (CeD), lymphoma, dysgammaglobulinemia, Ehlers-Danlos syndrome, diversion colitis and food allergies [21] [22] [23] [24] [25] [26] [27] [28] . Adult NLH is considered a rare finding [29] . Published literature includes case reports and small series of patients; whether this relates to endoscopy underreporting or to the true rarity of the condition is unclear [30] . Indeed, NLH frequency in adults might be largely underestimated because it is hard to recognize at WL endoscopy. Kagueyama et al [31] , demonstrated that 39% of adult patients with chronic diarrhoea and a normal colonoscopy had NLH at histological examination of serial biopsies taken from the terminal ileum, ascending colon and rectum. In 2010, Krauss et al [6] evaluated the significance of lymphoid hyperplasia in the lower gastrointestinal tract in a cohort of consecutive adult patients and concluded that the presence of colonic NLH is not rare and it may represent a mucosal response to antigenic stimulation, like allergens or pathogens. Most of the NLH cases that we have found in our daily practice, underwent colonoscopy for irritable bowel syndrome (IBS)-type symptoms, or suspected IBD, while a minority of them was asymptomatic. Based on this clinical observation, the aim of the present study is to evaluate the prevalence of NLH in adults undergoing colonoscopy in San Marino Republic, and its association with known diseases.
MATERIALS AND METHODS

Patients
We evaluated all colonoscopies performed by a single endoscopist (ACP) from January 2012 to January 2015, at the Endoscopy Unit of the State Hospital of San Marino Republic.
We selected all cases showing lesions compatible with NLH, for which biopsies from multiple sites (ileum, ascending, transverse, sigmoid colon, and rectum) were taken. NLH cases were divided into two groups: asymptomatic subjects (a-NLH), who underwent colonoscopy for colorectal cancer screening or family history of colorectal cancer; and symptomatic patients (s-NLH), in which colonoscopy was prescribed for IBStype symptoms (abdominal pain and/or altered bowel habits in the absence of alarm signs or symptoms) or suspected IBD [abdominal pain and/or altered bowel habits with haematochezia and/or weight loss and/or positive family history of IBD and/or fever and/or increased faecal calprotectin and/or C-reactive protein, and/or anaemia]. Symptomatic patients were further divided according to their final diagnosis into organic and functional bowel disorders; the latter subset was stratified into IBS [with prevalent diarrhoea (IBS-D), or constipation (IBS-C), or mixed bowel habit (IBS-M)], chronic functional diarrhoea and chronic constipation [32] . In order to measure the prevalence of NLH in asymptomatic subjects and symptomatic patients, we considered all colonoscopies performed by the same endoscopist for the same clinical indications (colorectal cancer screening, IBS-type symptoms, suspected IBD), in the same timeframe (January 2012 to January 2015).
In case of repeated colonoscopies on the same patient, only the first examination was included in the analysis. Other exclusion criteria were incomplete exam, poor bowel preparation, patient's age < 18 or > 75 years, history of colon surgery, prior diagnosis of colorectal cancer, IBD, or CeD.
The study protocol was approved by the local Ethical Committee and conformed to the ethical guidelines of the Declaration of Helsinki (2013). Figure 1 summarizes the study design. 2226 colonoscopies were assessed for eligibility. Of those, 1076 met the exclusion criteria and were ruled out. NLH was observed in 124 of the 1150 cases under analysis (global NLH prevalence about 10%). Of note, NLH was found in 101 of 315 symptomatic patients (32%) and in only 23 of 835 asymptomatic subjects (3%).
RESULTS
Symptomatic patients
The main symptomatic patients' characteristics are summarized in Table 1 . Collectively, out of 315 symptomatic patients, 110 were diagnosed with organic disorders (35%), whereas the remaining 65% had functional disease. NLH was found in 32% of symptomatic patients and it was always histologically confirmed ( Figure 2 ). NLH was equally distributed among organic (34%) and functional (31%) conditions.
Symptomatic patients with NLH
In most symptomatic patients with NLH (s-NLH) cases, NLH was present in all colonic segments (94%); 21% of patients also showed NLH in the terminal ileum; NLH was observed in the right or left colon alone in 1% and 5% of cases, respectively. As for clinical presentation, all s-NLH patients complained of altered bowel habits, mainly chronic diarrhoea; most cases also reported abdominal pain and bloating; 23% had haematochezia. In 39% of patients, colonoscopy revealed concomitant macroscopic inflammation (RRS, diffuse hyperaemia, erosions, and ulcers); in 69% of cases, the inflammation was patchy and confined to the left colon and/or rectum; a patchy right-sided colitis was observed in 5% of s-NLH patients; in 8% of cases, the inflammation involved the terminal ileum. Colon polyps were found and removed in 21% of s-NLH patients.
A history of delayed hypersensitivity reactions and in particular of metal contact dermatitis was self-reported by 74% of s-NLH patients, but only a minority of them (9%) had a previous patch test-based diagnosis of nickel (Ni) allergy. Moreover, 63% of patients with NLH self-reported lactose intolerance.
The final diagnosis for s-NLH was of organic disease in 37% of cases and of functional disorder for the remaining 63% ( Figure 3 ). In particular, among patients with organic disorders, we found 16 cases of IBD -8 ulcerative colitis (UC) and 8 Crohn's disease (CD); 9 parasitic or bacterial infections; 7 diverticular diseases; 1 microscopic colitis; 1 colorectal cancer, 1 CeD and 1 ischemic colitis. Ninety-one percent of patients with functional disorders fulfilled Rome III criteria for IBS, mainly IBS-D. Noteworthy, most of NLH patients with IBD and almost 20% of patients with IBS showed NLH with RRS ( Figure 4 ). Statistically significant differences between organic and functional conditions associated with s-NLH were found for sex (more women in the functional subset)
and self-reported lactose intolerance (more common in organic disorders). On the contrary, there were no statistically significant differences in frequency of bowel habit alterations and metal contact dermatitis between organic and functional s-NLH patients. Also, we did not found a statistically significant correlation between NLH distribution and clinical symptoms (data not shown).
Symptomatic patients without NLH
Symptomatic patients who underwent colonoscopy and did not show NLH [symptomatic patients without NLH (s-no-NLH)] were 214. Many of them complained of altered bowel habits (mostly constipation or mixed), and abdominal pain; 40% also reported haematochezia. In 28% of cases, colonoscopy revealed macroscopic inflammation Piscaglia AC et al . Nodular lymphoid hyperplasia in IBS ) between the various patients' subsets are indicated in columns 3, 6, 9, 10 and 11. NS:
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(hyperaemia, erosions and ulcers) and biopsies were taken; none of the samples exhibited NLH at histological examination. Colon polyps were found and removed in 45% of s-no-NLH patients.
Regarding the final diagnosis, 34% of s-no-NLH patients were affected by organic diseases, while the remaining 66% had a functional condition ( Figure 5 ).
In particular, among patients with organic disorders, we found 5 cases of IBD (1 UC and 4 CD); 2 infectious colitis; 55 diverticular diseases; 12 abdominal adhesions; 3 colorectal cancers. Among patients with functional disorders, 80% fulfilled Rome III criteria for IBS, mostly IBS-C or IBS-M. No differences were found in terms of distribution of self-reported lactose intolerance and contact dermatitis between s-no-NLH patients with organic and functional conditions. Noteworthy, we found a statistically significant difference in mean age, being patients with organic disorders older than those with functional conditions. On the contrary, no difference for sex distribution was noted between the two subsets. Patients with functional disorders showed less frequently bloating and macroscopic inflammation at endoscopy.
Comparison between symptomatic patients with and without NLH
Patients with NLH were significantly younger, had more often diarrhoea and bloating and less frequently constipation and colonic polyps vs patients without NLH. Moreover, NLH patients reported more frequently metal contact dermatitis and lactose intolerance vs patients without NLH, regardless the final diagnosis of functional or organic disorders. Stratifying all symptomatic subjects according to the final diagnosis, among those diagnosed with functional conditions, patients showing NLH were younger, more often female, and had a higher frequency of abdominal pain, bloating, diarrhoea, inflammation, metal contact dermatitis and self-reported lactose intolerance; on the contrary, they showed less frequently constipation, haematochezia, mixed bowel habits and colon polyps, compared with patients without NLH. Among patients with organic diseases, those showing NLH were also significantly younger, had more often diarrhoea, contact dermatitis and lactose intolerance, less frequently constipation and fewer polyps. No differences were noted for sex, abdominal pain, bloating, endoscopic signs of inflammation or haematochezia. Finally, NLH patients with organic conditions were more often diagnosed with IBD and infections, while those without NLH had a higher frequency of diverticular disease and abdominal adhesions; no differences were noted for colorectal cancer frequency (Table 2) . We did not found a statistically significant difference in terms of clinical or endoscopic disease activity between IBD patients with or without NLH.
Asymptomatic subjects
Among the 835 individuals who underwent colonoscopy for colorectal cancer screening, 23 had NLH. Thus, the prevalence of NLH in asymptomatic adults was significantly lower compared to the frequency of NLH in symptomatic patients (3% vs 32%, P < 0.05). Most a-NLH patients were female (78%), with a mean age of 57 ± 9 years. NLH was mainly diffuse in all colonic segments (87%) and only 1 case showed involvement of the terminal ileum. Polyps were detected and removed in 48% of patients. A mild asymptomatic diverticular disease was observed in 35% of cases; in only 2 patients with diverticula we noted signs of macroscopic inflammation. Metal contact dermatitis was reported by 44% of a-NLH. One of the cases complained of lactose intolerance. Comparing the a-NLH group with the remaining 812 asymptomatic individuals who underwent screening colonoscopy and did not show NLH (a-no-NLH), the latter ones were older (mean age 61 ± 9 years, P < 0.05), more frequently male (female 43%, P < 0.05) and had a statistically significant lower prevalence of selfreported contact dermatitis (5%, P < 0.05). The polyp detection rate did not significantly differ between the two groups (48% vs 64%, P > 0.05).
DISCUSSION
The present study assessed the frequency and gender distribution of colonic NLH, observed at WL and NBI endoscopy and histologically confirmed, in adults undergoing colonoscopy in a three-year period. The association between NLH and known diseases was also investigated.
The global prevalence of NLH was 10%. NLH was rare in asymptomatic subjects (3%). In particular, NLH was found mostly in asymptomatic women, who were younger than the relative control population and more often reported metal contact dermatitis. Conversely, NLH was a frequent finding in symptomatic patients, undergoing colonoscopy for IBS-type symptoms or suspected IBD (32%). Also among the symptomatic patients' group, NLH was more frequent in young women, who often complained of metal contact allergies and lactose intolerance. As for clinical presentation, diarrhoea and bloating were more common, while constipation was rarer in NLH vs no-NLH patients. Diverticular disease and abdominal adhesions were more frequent in no-NLH cases, while NLH patients more often suffered from IBD or colonic infections and had fewer polyps, likely because of the younger age at presentation.
Overall, our results demonstrate that NLH of the lower gastrointestinal tract is a common endoscopic finding in symptomatic patients, in whom it might reflect a state of enhanced immunological activity. Indeed, it has been postulated that lymphoid hyperplasia results from a chronic activation of the gut immune system by antigenic triggers (i.e., allergens, pathogens, toxins), that lead to repetitive stimulation and eventual hyperplasia of lymphoid follicles. NLH might also develop in conditions of deregulation of the immune system, like in autoimmune diseases [17] or in immunodeficient subjects [18] . The association between food allergies and NLH has been already documented [12, 33, 34] . Conversely, to the best of our knowledge, there are no published data on the relationship between NLH and allergic contact allergy. Metal allergens, notably Ni, account for a significant proportion of contact sensitization [35] . It has been reported that about 15% of women and 2%-3% of men living in industrialized countries are Ni sensitive and may develop allergic contact dermatitis (ACD), a T cell-mediated inflammatory process of the skin induced by cutaneous absorption of an allergen in a previously sensitized individual. This gender difference is due to different rates of exposure of skin (from jewellery, leathers, etc.) to this substance. About 20%-30% of ACD patients also experiences systemic (headache, asthenia, itching), and gastrointestinal (bloating, abdominal pain, diarrhoea) symptoms after eating Ni-rich foods. This condition is known as "Systemic Contact Dermatitis" or "Systemic Ni Allergy Syndrome" (SNAS) [36] . Di Gioacchino et al [37] , demonstrated that oral challenge with Ni, in women with SNAS, stimulates the immune system, inducing a maturation of T lymphocytes from virgin into memory cells, which accumulate in the intestinal mucosa. An increased frequency of delayed type hypersensitivity to metals has been reported in patients with connective tissue disease and fibromyalgia and it has been speculated that metal-specific T cell reactivity might be an etiological factor in the development of chronic immune-mediated disorders [38, 39] . Noteworthy, Cazzato et al [40] demonstrated a higher prevalence of lactose intolerance in patients affected by SNAS vs controls (74.7% vs 6.6%, respectively); the authors argued that the Ni-induced pro-inflammatory status could temporary impair the brush border enzymatic functions, resulting in hypolactasia.
In our study, we observed a very high frequency of self-reported lactose intolerance and metal contact dermatitis in NLH patients. We can suppose that metal allergens might play a pivotal role in the development of lymphoid hyperplasia and hypolactasia. This could also account for the higher observed prevalence of NLH in women, given the increased frequency of Nisensitivity in female vs male sex.
Another interesting result of our study is the association between NLH and IBD. It is well known that IBD are characterised by an abnormal immunological response to environmental antigens, especially the enteric bacterial flora, in genetically susceptible individuals. Lymphoid follicles represent the main portal of entry for potential pathogens, and it has been suggested that aphthous ulceration in CD and UC originates in follicle-associated epithelium over the lymphoid follicles. In 2010, Krauss et al [6] , compared the morphology of lymphoid follicles in CD, UC and control patients, in correlation to histological and immunohistochemical findings. In 15 out of 17 patients with the first manifestation of CD, they documented NLH with RRS. In some NLH with RRS early aphthous ulcers were seen. The authors concluded that lymphoid follicles with RRS probably represent an early sign of aphthous ulcers in CD and, thus, may be considered as early markers of first manifestation and flares in CD.
In our study, 43% of s-NLH were diagnosed as affected from IBD. Interestingly, in most cases of IBD, NLH was associated with RRS.
Finally, we observed for the first time an association between NLH and IBS [41] . Even if multiple advances have been made in the knowledge of IBS pathogenesis, its aetiology remains unknown. Probably, IBS is an "umbrella term", which includes multiple conditions with common gastrointestinal symptoms, but different etiopathogenesis. Among the putative factors involved in the development of IBS, low-grade inflammation has raised growing interest in the last years. Indeed, IBS is more common in gastrointestinal diseases characterized by inflammation, such as CeD, IBD or after severe acute gastroenteritis [42] [43] [44] . Mucosal and systemic immune activation has been widely documented in patients with IBS, even in the absence of a previous major gastroenteritis event [45] . Mucosal inflammation is linked to increased mucosal permeability, enterochromaffin cell hyperplasia and higher tissue availability of serotonin, a key factor involved in the control of gut sensorimotor functions [46] [47] [48] . Furthermore, the possible link between low-grade inflammation and IBS has been suggested by the observation that adoptive transfer of mucosal biopsy supernatants evoked activation of sensory pain pathways [49, 50] and abnormal enteric nervous system responses in recipient rodents [51] . Interestingly, these responses were reduced to a large extent by antagonism of immune-related factors [49] [50] [51] [52] . The origin of low-grade inflammation in patients with IBS remains undetermined, but it is likely to be multifactorial, involving genetic predisposition [53, 54] , stress [55] , atopy [56] , abnormal intestinal microbiota [57] , and higher mucosal permeability [46] . These data confirm the heterogeneity of IBS patients and point toward the necessity to find an objective biomarker of low-grade inflammation, to select those patients who could benefit most from antiinflammatory therapy.
Our results suggest that NLH could be such a marker of low-grade inflammation in a conspicuous subset of IBS cases, in which a "minimal lesions colitis" (MLC) characterized by diffuse colonic NLH can be found. Notably, patients with NLH have some distinctive features within the IBS population: they are younger, more often female, and have a higher frequency of metal contact dermatitis, abdominal pain, bloating, diarrhoea, and unspecific inflammation. Moreover, 19% of patients with MLC had NLH associated with RRS; we might speculate that in these cases MLC could share common features with IBD.
Our work presents some limitations. Firstly, since this is a retrospective study, the asymptomatic population is not matched with the symptomatic population, because people undergoing colonoscopy for screening purposes are more often male and older, compared to patients with IBS-like symptoms or suspected IBD, who showed a higher prevalence of female and younger people. Moreover, we collected information about metal contact allergies and lactose intolerance from patients' charts; such data were not available for all cases. Additionally, regarding the association between NLH and metal contact dermatitis, only a minority of subjects had performed patch tests and therefore we based our analysis on self-reported history of delayed hypersensitivity reactions to metals. Finally, only a minority of non-NLH patients underwent biopsy sampling during colonoscopy, while in most cases NLH was excluded on the base of endoscopic findings.
In conclusion, colonic NLH is rare in asymptomatic subjects, while it is a frequent finding in symptomatic patients, in whom it might reflect a state of enhanced immunological activity. We can speculate that colonic NLH represents an objective biomarker of low-grade inflammation in a subset of IBS patients, which might be triggered by metal contact reactions; moreover, colonic NLH with RRS might share common features with IBD, supporting the hypothesis that IBS and IBD might be part of the spectrum of the same disease ( Figure 6 ).
Further studies are required to understand the Piscaglia AC et al . Nodular lymphoid hyperplasia in IBS Figure 6 Colonic nodular lymphoid hyperplasia in symptomatic patients constitutes a "minimal lesions colitis" that might be triggered by Nickel or other factors (such as immunodeficiency states, infections, hypersensitivity reactions, chronic constipation). We speculate that minimal lesions colitis (MLC) could represent a distinct pathologic entity in a subset of irritable bowel syndrome (IBS) and systemic Ni allergy syndrome (SNAS) patients, and it might prelude to the development of inflammatory bowel disease (IBD).
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etiopathogenetic mechanisms underlying colonic NLH in organic and functional conditions, its clinical implications and its possible link with IBD.
COMMENTS
Background
Colonic nodular lymphoid hyperplasia (NLH) is considered a rare finding in adults. NLH can be asymptomatic or more rarely presents with gastrointestinal symptoms, like abdominal pain, chronic diarrhoea and bleeding and it has been reported in association with inflammatory bowel disease (IBD), celiac disease, lymphoma, dysgammaglobulinemia, Ehlers-Danlos syndrome, diversion colitis and food allergies.
Research frontiers
Published literature includes case reports and small series of patients; whether this relates to endoscopy underreporting or to the true rarity of the condition is unclear.
Innovations and breakthroughs
This study sheds light on colonic NLH in adults, in terms of prevalence, genderdistribution and association with known diseases. The most relevant result of our study is the identification of NLH as a putative marker of low-grade inflammation in a subset of irritable bowel syndrome (IBS) cases.
Applications
Diffuse colonic NLH could be a marker of low-grade inflammation in a conspicuous subset of IBS patients and could constitute a link between a subset of IBS cases and IBD.
